We use loan-level data on 25 million mortgage applications and 28 thousand corporate loans to study the effect of the Troubled Asset Relief Program (TARP) on credit availability. Contrary to the program's declared objective, we find no evidence of greater credit origination by TARP participants relative to nonparticipants with similar characteristics. These results are consistent across retail and corporate lending and hold after controlling for loan demand and the selection of TARP recipients. Despite no changes in overall lending, recipient banks approve riskier loans and shift capital toward investments in risky securities. Overall, we evaluate the efficacy of government capital provisions and document their unintended consequences, consistent with models of moral hazard.
originated by CPP participants at the level of each borrowing firm. As before, we do not find a significant effect of federal investments on credit origination by program participants relative to their nonparticipating peers with similar financial condition and performance.
Next, we study the effect of CPP investments on bank risk taking to evaluate the program's efficacy in increasing financial stability. On the one hand, if federal investments are seen as an implicit bailout guarantee, they could encourage risk taking by reducing investors' monitoring incentives (Flannery 1998 ) and increasing moral hazard. For example, Merton (1977) shows that government guarantees can increase moral hazard in the context of deposit insurance, and Demirguc-Kunt and Detragiache (2002) present empirical evidence of the destabilizing effect of federal insurance. On the other hand, the tighter monitoring of TARP participants by banking regulators and the five monitoring bodies created specifically for program oversight could negate risktaking incentives. Moreover, the government imposed explicit constraints on incentive compensation at recipient banks to prevent excessive risk taking. Therefore, the net effect of TARP on bank risk taking remains an empirical question.
To study bank risk taking behavior in lending, we analyze the changes in credit rationing by CPP participants and other banks across borrowers of different risk profiles within the same local market. In difference-in-differences tests, we find that after receiving CPP capital participating banks shifted their credit origination toward riskier mortgages, as measured by the borrower's loan-to-income ratio. As a result, the fraction of the riskiest mortgages in the originated credit increased for CPP participants, but declined for their nonparticipating peers. 3 While our conclusions are broadly consistent with anecdotal evidence on riskier lending practices by some TARP recipients reported in the financial press (Simon and Silver-Greenberg, 2010) , an important question is why the potential increase in banks' risk tolerance manifested itself through a shift toward originating riskier loans rather than through originating more credit. Indeed, one of the simplest ways for a bank to increase its risk would be to loosen credit standards across all loan types and issue a greater amount of credit.
One plausible explanation is that the observed shift in the riskiness of loan portfolios (rather than an increase in loan volume) may reflect banks' strategic response to federal capital requirements. While the 3 We define riskiest mortgages as those with a loan-to-income ratio in the top decile. origination of new credit reduces a bank's capital-to-assets ratio, a shift toward riskier lending practices within the same asset class (e.g., mortgages) does not affect the capitalization ratios monitored by the banking regulators. Moreover, the change in the risk of originated loans is significantly less transparent and can be established only after a considerable time lag. As a result, CPP recipients may strategically increase the overall risk and yields on their loan portfolios, while, at the same time achieving better capitalization levels.
Consistent with the proposed explanation, the average capital-to-assets ratio for TARP recipients improved from 9.9% to 10.9% after federal capital infusions. However, the reduction in leverage was more than offset by an increase in earnings volatility associated with riskier lending. The net effect was an 8.0% increase in the overall risk level of TARP recipients, as measured by the distance to default measure -the z-score (Laeven and Levine 2009) . Similar conclusions emerge from the market-based measure of risk. The average beta of CPP participants increased from 0.80 in 2008 to 1.01 in 2009, whereas the beta for nonparticipating banks remained unchanged over the same period.
We extend our analysis of bank risk-taking behavior by studying the changes in banks' investment strategy following CPP capital provisions. Our focus on banks' investment portfolios is motivated by several factors. First, investments in securities represent the second largest asset class for a typical bank, accounting for over 20% of assets. Second, the focus on bank's investment portfolio enables us to infer active reallocations of capital across asset classes with distinct and well-understood risk characteristics. Finally, the disclosure requirements for bank investments provide for greater transparency and timeliness of risk evaluation, and allow us to use market proxies for asset risk.
We find that after receiving federal capital, CPP participants significantly increased their investments in risky securities, such as equities "acquired to profit from short-term price movements", mortgage-backed securities, and long-term corporate debt. For the average CPP bank, the combined weight of these asset classes in the investment portfolio increased by 10.0%, displacing safer assets, such as Treasury bonds, short-term paper, and cash equivalents. The increase in the allocations to riskier assets is highly significant relative to nonrecipient banks, holds after controlling for bank fundamentals, and cannot be explained by the changes in security valuation. Using asset yields as a market measure of risk, our difference-in-differences estimates suggest that the average interest yield on investment portfolios of CPP participants increased by 31.5% after the bailout relative to nonpartcicipating banks.
Overall, we find a robust increase in the risk of CPP participants after federal capital infusions, whether this risk is measured by accounting or market-based proxies. Our evidence suggests that this increase in risk of CPP banks is at least partially explained by the change in the quality of originated loans and higher capital allocations to riskier investment classes. This evidence is consistent with an increase in moral hazard in response to the federal bailout predicted in Kashyap, Rajan, and Stein (2008) . Our results also agree with a recent qualitative assessment of the effect of TARP on bank risk taking by the Senior Inspector General of TARP (SIGTARP). 4 In line with our evidence, 95 TARP participants (13 percent of all recipients) have already received disciplinary sanctions from their primary regulators for excessive risk taking and misappropriation of funds, among other factors.
One important consideration in interpreting our results is the selection of CPP recipients. Since the approval of program applicants is not random, it is possible that the Treasury invested in those financial institutions that were more likely to cut their lending (although such a strategy would be inconsistent with the declared focus on healthy banks) or those banks that were likely to experience a significant future shock as a result of their crisis exposure or other factors. In this case, it is possible that recipient banks would have originated even less credit and experienced an even greater increase in risk without government aid.
We address sample selection in several ways. First, we explicitly control for the declared set of financial criteria used by banking regulators for evaluating financial institutions, such as capital adequacy, asset quality, profitability, and liquidity, as well as for the bank's size and exposure to the crisis (proxied by foreclosures and non-performing loans). In addition to parametric estimation, we repeat our tests in matched samples of recipients and non-recipients based on an array of financial variables and obtain similar results. As another test, we offer evidence from an instrumental variable approach, using banks' connections to Congress representatives as our instrument. While banks located in the voting districts of House members on key finance committees were more likely to be approved for CPP funds (Duchin and Sosyura, 2009) , these ties are unlikely to be related to banks' credit origination or risk taking. Our results remain unchanged under the instrumental variable method.
Yet an ideal experiment for our analysis would be to study the lending and risk taking of CPP participants, absent any federal assistance. While this true counterfactual is admittedly unobservable, we collect data on financial institutions that applied for CPP funds, were approved for federal investment, but did not receive TARP funds for various institutional reasons described in the empirical section. We then compare credit origination and risk taking by this subset of non-recipients relative to the banks that did receive the money and were similar in size, financial condition, and performance at the time of CPP approval. This methodology yields qualitatively similar conclusions to our main results.
The evidence in this article has several implications. First, our findings suggest an asymmetric response of financial institutions to liquidity constraints. While previous research has shown that a negative shock to bank liquidity forces a cut in lending (Ivashina and Scharfstein, 2010; Puri, Rocholl, and Steffen, 2010) we find that a significant increase in available capital need not result in credit origination. In particular, CPP capital provisions were associated with an increase in banks' security investments and capital reserves and appear to have had little stimulatory effect on lending. Second, although bank capital requirements are traditionally used as a key instrument in bank regulation (Bernanke and Lown, 1991) , we show that the strategic response of financial institutions to this mechanism erodes and, in some cases, reverses its efficacy. Specifically, CPP banks significantly increased their risk within regulated asset classes, while, at the same time, improving their capital ratios. Third, a bailout of financial institutions creates moral hazard and provides incentives for risk taking.
These incentives outweigh the effect of government monitoring and institutional restrictions, thus increasing rather than reducing systemic risk.
The implications of our paper extend beyond the banking sector and the recent financial crisis. The large amount of government capital infusions, combined with managerial flexibility in using these funds and the hasty adoption of the program, create a convenient setting for testing firms' response to a rapid increase in available cash. Consistent with this argument, anecdotal evidence from bank CEOs suggests that many of them viewed CPP capital infusions as cash windfalls (McIntire 2009) . Under this interpretation, TARP investments provide researchers with a unique opportunity to study the effects of a rapid increase in firm's available capital in an unusually large cross section of companies and over a short period of time. Despite the importance of this issue in the theoretical literature, the extreme rarity of cash windfalls has limited their empirical investigation, often constraining the analysis to very small samples (Blanchard, Lopez-de-Silanes, and Shleifer, 1994) . Our paper offers systematic empirical evidence that supports the predictions of the moral hazard hypothesis.
The rest of the paper is organized as follows. Section 1 reviews related literature. Section 2 describes the data and presents summary statistics. Section 3 reports empirical results on bank lending. Section 4 offers evidence on risk taking. The article concludes with summary and commentary.
Related Literature
Our paper is most closely related to the growing literature on government regulation during the recent financial crisis. Veronesi and Zingales (2010) study TARP announcement effects on the value of the ten largest banks and argue that the first recipients received significant subsidies from the government, since the capital infusions exceeded the value of assets purchased by the Treasury. Our findings highlight additional sources of value in these subsidies, such as perception of government protection in the future and an inflow of cheap capital that was invested at higher yields. Harvey (2008) , Bebchuk (2009), and Coates and Scharfstein (2009) critique the design of TARP and discuss various inefficiencies that could be created by the program. We evaluate the performance of TARP relative to its objectives and uncover some of its unintended consequences, such as higher risk taking by participating banks, coupled with a limited real effect on new credit origination.
More generally, we contribute to the literature on firm bailouts, an area that has been examined primarily in foreign markets. Faccio, Masulis, and McConnell (2006) offer evidence on corporate bailouts from 35 countries and find that bailouts are more likely to occur in countries that receive capital infusions from the IMF and the World Bank. The authors show that bailed firms tend to underperform their peers both before and after receiving financial assistance, suggesting that government aid may not be efficiency-improving. Our paper demonstrates other consequences of federal bailouts that question the efficacy of federal assistance in achieving its stated goals.
Within the banking literature, our paper is most related to the studies of bank lending during the recent financial crisis. Ivashina and Scharfstein (2010) document a sharp drop in loan originations during the financial crisis and argue that banks with better access to deposit financing were less vulnerable to credit line drawdowns. Puri, Rocholl, and Steffen (2010) study the supply and demand effects of the financial crisis on bank lending in Germany and find that banks more severely affected by the crisis reject more loan applications, particularly if these banks are liquidity constrained. Cornett, McNutt, Strahan and Tehranian (2010) investigate the effect of the credit squeeze on bank lending in [2007] [2008] [2009] and find that the liquidity of bank assets was a key factor explaining the variation in loan originations. Altogether, these papers stress the importance of bank liquidity and capitalization for their lending policies. While a sudden drop in bank liquidity constrains lending, the results in our paper show that liquidity infusions need not lead to credit expansion, thus questioning the efficacy of this mechanism in stimulating credit origination. (with an annual dividend yield of 5 percent for the first five years and 9 percent thereafter) and warrants for common stock. The number of warrants was selected such that the market value of the covered common shares at the time of the investment was equal to 15 percent of the investment in preferred stock.
Data and Summary Statistics

Capital Purchase Program
To participate in the program, eligible financial institutions -domestic banks, bank holding companies, savings associations, and savings and loan holding companies -submitted a short application to their primary banking regulator. After receiving an application, the regulators assessed the financial condition of the applicant and made a recommendation to the Treasury, which made the final decision about the investment. As of July 30, 2009, over 2,700 applications had been submitted, of which 1,300 were sent to the Treasury, and 660 were approved for CPP funds.
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The review of CPP applicants was based on the standard assessment system employed by bank regulators -the Camels rating system, which evaluates 6 dimensions of a financial institution: Capital adequacy, Asset quality, Management, Earnings, Liquidity, and Sensitivity to market risk. The ratings in each category, which range from 1 (best) to 5 (worst), are assigned based on financial ratios and on-site examinations. In Appendix A, we provide a description of our proxies for each of the 6 assessment categories, along with the definitions of other variables used in our study. We use the Camels evaluation criteria as part of our controls for the selection of CPP participants.
Financial Institutions
To construct our main sample, we start with all FDIC-insured financial institutions (a sample of 8,391 firms) Aside from loans and leases, which account for around two thirds of the asset base for a typical bank, another key component of bank assets comprises investments in securities. The average bank in our sample holds approximately $298.5 million in securities. In the empirical section, we offer a detailed analysis of the changes in banks' investment strategy following CPP investments.
Loan Data
We obtain loan application data from the Home Mortgage Disclosure Act ( located in rural areas. 6 The unique feature of these data is the coverage of both approved and denied mortgages, which enables us to study bank lending decisions at the level of each application. This attribute is important for our empirical tests, since it will allow us to distinguish the changes in credit origination driven by loan demand (the number of applications and their quality) from those driven by credit rationing of financial institutions.
At the level of each application, we are able to observe the characteristics of the borrower (e.g., income, gender, and race), the features of the loan (e.g., loan amount, loan type, and property location), and the decision of the bank on the loan application (e.g., loan originated, application denied, application withdrawn, etc.).
While banks are not required to disclose applicants' credit scores or to provide the interest rate for every mortgage, they must report the interest rate spread on loans with an APR of at least 300 (500) basis points above the Treasury of comparable maturity for first-lien (subordinate-lien) loans. 7 Previous research has shown that the rate spread indicator in HDMA data serves as a close proxy for subprime mortgages. 8 The borrower and loan characteristics enable us to study the changes in banks' credit rationing across riskier and safer loans. Finally, the HMDA data provides the location of the property underlying each mortgage application. This location is reported by the U.S. census tract, a relatively refined unit of observation, which allows us to focus on the differences in lending decisions by different banks within the same small region, while controlling for the conditions specific to the local housing market.
To construct our sample of mortgage applications, we aggregate financial institutions in HMDA at the level of bank holding company and match them to our list of QFIs. Among the 7,371 QFIs in our sample, 5,551
institutions (which account for 98% of bank assets) reported their mortgage activity under HMDA in 2007-2009.
Next, we limit our analysis to applications that were either denied or approved, thus excluding observations with ambiguous statuses, such as incomplete files and withdrawn applications. Since the focus of our analysis is on credit origination, we restrict our sample to new loans rather than refinancing and purchases of existing loans. In addition to the analysis of retail lending, we also collect data on corporate credit facilities from
DealScan. This dataset covers large corporate loans, the vast majority of which are syndicated, i.e. originated by one or several banks and then sold to a syndicate of other banks and institutional investors. DealScan reports loans at origination, allowing us to focus on the issuance of new corporate credit and to avoid contamination from the drawdowns of previously-made financial commitments. Each unit of observation is a newly-issued credit facility, which provides such information as the originating bank(s), date of origination, loan amount, interest rate, and the corporate borrower.
According to DealScan, between 2007 and 2009, 254 QFIs in our sample originated $10.6 trillion in corporate credit. The average (median) loan amount during our sample period is $663 ($207) million.
Borrowers of these credit facilities are typically large firms. As shown in Panel B of Table 1 , over our sample period, the loans originated by CPP recipients accounted for 52.8 percent of the new credit issued for the average borrower in DealScan. The breakdown of the newly-issued credit between CPP recipients and nonrecipients at the borrower level allows us to control for the changes in investment opportunities of industrial firms. As a result, this data feature enables us isolate the effect of TARP, if any, on firm access to credit, as proxied by the share of loans originated by CPP recipients in the firm's funding mix.
Macroeconomic Variables
To control for temporal dynamics in loan demand within each housing market, we also collect data on macroeconomic variables that influence the demand for home mortgages. For each U.S. census tract, we obtain data on the dynamics of home vacancies and the total number of housing units from the U.S. Postal Service. To control for the changes in the demographic drivers of housing demand, we collect county-level data on per capita income, population, and unemployment from the Bureau of Economic Analysis. We supplement these data with the quarterly index of housing prices by Metropolitan Statistical Area (MSA) from the Federal Housing Finance Agency.
Panel C of Table 1 provides summary statistics for macroeconomic variables in our study. The median U.S. census tract has a population of 4,066 residents. Approximately 1.9 percent of the housing units in a tract remain vacant in a given quarter. The dynamics of home prices is negative during our sample period, as indicated by the quarterly price decline of 4.4 percent for the median market.
Lending
Retail Lending
We begin by presenting nonparametric evidence on the changes in the approval rates for home mortgages between CPP recipients and non-recipients before and after TARP. Since our data on mortgage applications are After providing suggestive evidence, we proceed with more formal tests of the effect of TARP on bank credit origination and report our results in Table 3 . The unit of observation in our analysis is a mortgage application submitted to a QFI during our sample period of [2007] [2008] [2009] . The dependent variable in these tests is an indicator equal to 1 if the mortgage application is approved and 0 otherwise. The main independent variable of interest is the interaction term of the dummy After (which takes on the value of 1 in 2009 and 0 otherwise) and the dummy TARP Recipient, which equals 1 for banks that received TARP capital. The coefficient on this variable captures the effect of TARP, if any, on loan approval rates of participating banks.
To capture the effect of TARP capital infusions, we would like to control for those bank characteristics that are correlated with TARP investments and may also influence a bank's credit origination. Therefore, our set of independent variables includes controls for the following bank characteristics: size (the natural logarithm of book assets), the Camels measures of banks' financial condition and performance used by banking regulators, and a proxy for bank's exposure to the crisis (foreclosures).
Since our focus in on the bank lending decisions, we would also like to control for the variation in the quality of mortgage applications received by CPP participants and other QFIs. We do so in several ways. First, we include housing market fixed effects to compare lending decisions within the same census tract. While the small size of the so-defined housing market should reduce borrower heterogeneity, it is possible that some banks attract stronger or weaker applicants within each market. Therefore, as a second control, we include borrowerlevel characteristics that affect loan approval, such as loan-to-income ratio as well as the fixed effects for borrower gender, race, and ethnicity. To control for time-variant determinants of loan demand, we also include changes in the demographics of the local housing market: population size, median family income, and fraction of minority population. Finally, in one of the specifications, we also include controls for the changes in the condition of the local housing market: home vacancies and housing prices. For brevity, we do not report the regression coefficients on these controls.
The empirical results, summarized in Table 3 , show no significant effect of CPP capital infusions on loan approval rates of participating banks. In particular, the coefficient on the interaction term After TARP x TARP Recipient is insignificant at conventional levels across all specifications. This coefficient is marginally significant at the 10 percent level in two specifications, but has the opposite (negative) sign, suggesting, if
anything, that TARP recipients increased their lending by less than non-recipients. Also, the coefficient on the loan to income ratio is as expected. Borrowers with a higher ratio of loan to income are less likely to be approved.
As an additional robustness test, we use an instrumental variable approach. Previous research has shown that banks' political connections influenced the distribution of TARP capital (Duchin and Sosyura, 2009 Table 3 , remain similar to those in the base specification.
One possible concern in our analysis is that we do not observe the counterfactual outcome -i.e. the loan approval rates of CPP banks that would prevail under the scenario of no federal aid. If these application approvals would have been even lower without CPP, it can be argued that TARP was successful in stimulating credit origination at participating banks. To evaluate this hypothesis, we collect data on financial institutions that were approved for CPP funds but did not receive federal investments. To identify these banks, we search QFIs' press releases, proxy statements, financial reports (8K and 10Q), and news announcements in Factiva for any mentionings of CPP. We identify 81 banks that were approved for CPP funds but did not receive the actual capital investment. We then read these press releases and news articles to understand the reasons for the bank's decision to decline CPP funds. Among the common reasons, banks mentioned additional restrictions placed on participating institutions, the stigma associated with CPP participation, and the value of losing tax benefits on executive compensation.
Model (6) estimates our loan approval rate regressions in a subsample of banks that received CPP capital matched to their peers that were approved for CPP but did not receive federal funds. To ensure that the two groups of banks are similar on observable characteristics, we match each bank that declined CPP funds to its most similar CPP recipient based on size, the six Camels variables, and crisis exposure (foreclosures). We then study the changes in the loan approval rates between these two groups of institutions in 2009. Our results are consistent with other specifications and show no significant effect of CPP investments on mortgage approval rates.
Even if the approval rates for mortgage applications were not significantly affected by CPP investments, it is possible that the program stimulated credit origination by affecting the volume of mortgage applications. (Table 3) , the main independent variable of interest is the interaction term of the dummy After TARP and the dummy TARP Recipient, which captures the effect of the program on the demand for credit at participating banks. Other independent variables (unreported) include controls for bank-level characteristics, housing market factors, and local demographics, defined analogously to the previous specification.
The results of the estimation, summarized in Table 4 , show no significant effect of CPP on the distribution of loan demand between CPP banks and other QFIs. The coefficient on the interaction term of interest is insignificant in all specifications. This conclusion persists whether the demand is measured by the number of loan applications or by their amount. As before, we repeat our estimations using matched samples of TARP recipients and nonrecipients based on bank characteristics (Column 5). We also obtain similar results when under the instrumental variable method, using the same instrument as in the previous specification (Table   3 ). Overall, this evidence indicates that federal capital investments were unlikely to stimulate loan demand at recipient banks.
Corporate Lending
So far, our analysis has concentrated on retail lending. We proceed by studying the effect of CPP on the origination of corporate credit. To isolate the effect of CPP banks on the supply of credit, we need to control for the changes in the demand for loans from corporate borrowers, since the financial crisis likely affected their investment opportunities. To account for the demand for corporate loans, our tests focus on the variation in the share of credit originated by CPP participants at the level of each borrowing firm. Table 5 presents the results of panel regressions, in which the dependent variable is the fraction of a firm's large loans that were originated by CPP banks. The main independent variable of interest is the dummy After TARP, which shows whether CPP capital infusions were associated with an increase in corporate loan origination by recipient banks relative to other banks, as proxied by CPP banks' share in the new loans issued to a given firm during our sample period. Credit origination is measured by both the number of new loans (oddnumbered columns in Table 5 ), and the amount of new loans (even-numbered columns in Table 5 ). Since some credit facilities are jointly originated by several banks, we use several additional specifications to account for the role of the bank in the credit facility. In Columns (1) and (2), we attribute the origination of a credit facility to all banks that co-sponsor the loan. In Columns (3) and (4), we attribute the new credit facility to the lead originator of the loan. In columns (5) and (6), we focus on loans in which all of the sponsoring banks are CPP recipients or all of them are non-CPP recipients, in an effort to avoid subjectivity in evaluating loans that are jointly issued by recipient and non-recipient banks. All regressions include borrower-fixed effects.
All specifications in Table 5 yield similar results. CPP capital investments are not associated with a significant change in the origination of corporate credit by recipient institutions. The coefficients on the After TARP dummy are insignificantly different from zero across all columns.
In summary, the evidence in this section suggests that CPP capital investments did not have a significant stimulatory effect on either retail or corporate lending. These results are consistent across various measures of credit issuance and are robust to controlling for loan demand.
Risk
Loans
Our analysis so far has focused on the volume of credit origination. In this section, we study the effect of CPP on credit rationing across borrowers with different risk characteristics. As a proxy for borrower risk in home mortgages, we use the loan-to-income ratio, which has been shown to be closely associated with credit risk.
We begin by dividing our sample of mortgage applications into equal deciles based on the loan-toincome ratio of the borrower. The ranking of deciles is such that decile 1 represents safer borrowers (lower loanto-income ratio), and decile 10 corresponds to riskier applicants. To illustrate, the average loan-to-income ratio for decile 1 is 0.50, which would be observed, for example, for a borrower with an annual income of $180,000
taking on a mortgage loan of $90,000. In contrast, the average loan-to-income ratio for decile 10 is 4.7, corresponding to an applicant with an income of $22,000 wishing to borrow $103,400.
Next, we compare loan application approval rates for CPP banks and other QFIs within each borrower decile before and after TARP capital infusions. Table 6 presents results of nonparametric tests of difference-in-differences in mortgage approval rates broken down by borrower risk. Table 7 shows the same analysis in a regression setting. The dependent and independent variables in the regression analysis in Table 7 are analogous to our main specification in Table 3 (the effect of TARP on loan approval rates), with the exception that the analysis is run separately for each loan-to-income decile of borrowers.
Both the nonparametric and regression evidence paint a similar picture. As shown in Table 7 , the coefficient on the interaction term of the indicator variables After TARP and TARP Recipient captures the marginal effect of CPP on the change in loan approval rates between CPP recipients and nonrecipients for each risk category of borrowers. The value of the interaction term is negative for the safest borrower deciles and positive for the highest-risk applicants, with the coefficients significant at the 1% level for these categories.
This evidence suggests that after the administration of CPP, program participants significantly increased their approval rates for riskier borrowers (as compared to other banks), but, at the same time, had a smaller increase in approval rates for safer borrowers relative to other banks. In other words, following TARP investments, CPP participants increased the tilt in their loan portfolios toward riskier borrowers.
The economic magnitude of the change in the observable risk profile of originated loans is substantial.
Following TARP investments, CPP recipients increased the fraction of mortgages issued to the riskiest groups of borrowers (deciles 9 and 10) by 5.9% in 2009. In absolute terms, for the median CPP recipient, this increase is equivalent to $5.9 million in new loans to these borrower categories.
Investments
The evidence so far suggests that CPP recipients increased the risk of their loan portfolios after receiving TARP funds. If this strategy reflects a general increase in risk taking by CPP banks, we are likely to observe a similar tilt toward higher-risk assets in banks' investments in securities after CPP capital provisions. The advantage of analyzing banks' portfolio investments is that the risk of financial assets is often more transparent and can be estimated based on market information.
In our analysis of banks' investments we study whether CPP participants increased their allocations to risky securities relative to other assets after obtaining CPP funds. We study both the aggregate measures such as total securities and interest on securities, as well as the breakdown of securities into safer and riskier assets.
Specifically, to provide a simple and transparent classification, we define equities, corporate debt, and mortgage-backed securities as "riskier securities". Conversely, we label Treasuries and state-insured securities as "lower-risk securities". Table 8 shows the results of difference-in-differences tests of investments in all securities, riskier securities, and lower-risk securities between CPP participants and other banks. The results show that CPP participants significantly increased their allocation to investment securities after receiving federal capital. For the average CPP participant, the total weight of investment securities in bank assets increased by 0.4% after TARP. In contrast, non-recipient banks experienced a drop (0.7%) in the allocation to investment securities over the same period. More importantly, the increase in the allocation to investment securities at CPP participants was primarily driven by higher allocations to riskier securities, which increased at CPP banks by 9.6% after TARP infusions. In contrast, the change in lower-risk securities was significantly smaller for CPP participants than for other banks. capital. For the average TARP recipient, the yield on investment securities (ratio of investment interest income to total assets) went up by 31.5 percent relative to non-recipient banks. Similar conclusions emerge from the analysis of the average maturity of debt assets, suggesting an increase in allocations to bonds with longer maturity and a higher exposure to interest rate risk.
Overall, the analysis of banks' investment portfolios suggests that TARP participants actively increased their risk exposure after receiving federal capital. In particular, CPP recipients invested capital in riskier asset classes, tilted portfolios to higher-yielding securities, and engaged in more speculative trading, compared to non-recipient banks.
Bank-level Risk
In this section, we study whether the observed changes in the bank loan origination and investment strategy influenced the overall risk of financial institutions. To measure bank risk, we use both accounting and marketbased measures: earnings volatility, leverage, z-score, and market beta.
In a broad sense, the two primary sources of bank risk include asset composition and leverage. We measure the former risk source by the standard deviation of ROA and the standard deviation of earnings and the latter source by the ratio of equity capital to total assets. Following the literature (e.g., Laeven and Levine, 2009 ) we also aggregate these two sources of risk into a composite z-score, a measure of bank's distance to insolvency. The z-score is computed as the sum of ROA and the capital asset ratio scaled by the standard deviation of asset returns. Under the assumption of normally distributed bank profits, this measure approximates the inverse of the default probability, with higher z-scores corresponding to a lower probability of default.
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In addition to accounting-based measures, we also use a market-based risk proxy -market beta. Our focus on beta is motivated by the moral hazard hypothesis. According to this hypothesis, banks expect that they will be bailed out in bad states of the world, and this implicit bailout guarantee encourages risk taking. If the government is more likely to intervene in cases that pose a threat to the entire economy rather than just an idiosyncratic bankruptcy of one firm, then the moral hazard argument predicts that managers will increase their exposure to the type of risk for which they are most likely to be bailed out -systemic risk. Therefore, to test the moral hazard hypothesis and to evaluate the declared TARP objective of increasing systemic stability, we focus on market betas.
To compute betas, we assume the market model, with the CRSP value-weighted index used as the market proxy. To match the data frequency of other risk measures, which are based on quarterly accounting data, we estimate betas for each calendar quarter, using daily returns. Our results are also similar if we use market betas from a two-factor model, which is often assumed to describe the return generating process for financial institutions. 10 The results are also robust to using longer estimation horizons. Table 9 provides evidence from panel regressions of bank risk. The dependent variables include ROA volatility, leverage, z-score (measured as the natural logarithm), and market beta. The independent variables include dummies After TARP and TARP Recipient, their interaction terms, and a set of controls consisting of size, liquidity, and crisis exposure. All regressions include firm fixed-effects, thus capturing within-firm changes in risk taking before vs. after CPP infusions.
The results in Table 9 show that CPP recipients significantly increased their asset risk, as proxied by ROA volatility and earnings volatility. This conclusion is consistent with the increase in the riskiness of the loan portfolios and investment assets of CPP participants reported earlier. Regression results for the capital-to-assets ratio suggest that CPP banks significantly reduced leverage after federal infusions. For the average CPP recipient, the capital-to-assets ratio increased from 9.9% in the third quarter of 2008 (last quarter before TARP) to 10.9% in the first quarter of 2009. This result is consistent with a significant inflow of new capital from TARP, combined with a lack of increase in credit origination relative to non-CPP participants.
One possible explanation for the increase in asset risk and a simultaneous decline in leverage could be a strategic response from financial institutions to federal capital requirements, for example, if the banks followed a strategy designed to increase the profitability of assets (and hence their risk), while, at the same time achieving better capitalization levels monitored by TARP oversight bodies. The net effect of this strategy is an increase in the probability of bank distress, as shown by the significant coefficient on the interaction term After TARP x TARP Recipient in columns that use the z-score as the dependent variable.
Consistent with the predictions of the moral hazard hypothesis, CPP banks increased their exposure to systemic risk after receiving TARP capital, as indicated by the positive and significant coefficient on the interaction term in the specifications that use the market beta as the dependent variable. This effect is also economically important, indicating an increase in beta from 0.80 to 1.01 for CPP participants after federal capital infusions. In contrast, non-participating banks experienced no changes in systemic risk over the same period.
To tie together our analysis of risk, we empirically link the changes in CPP banks' credit rationing and investment strategies to the observed increase in the risk of these financial institutions. Table 10 shows the results of panel regressions, in which the dependent variable is one of the measures of bank risk, and the independent variables include proxies for the risk in lending and investments. Our measures of loan risk comprise the average interest rate on loans (interest income divided by loans outstanding), the loan to income ratio on approved mortgages, and the rate spread on corporate loans. The first of these three measures captures the risk of a bank's overall loan portfolio, while the latter two capture the risk of its key components that have been the focus of our analysis -retail mortgages and corporate loans. Our proxies for investment risk consist of the combined share of risky securities (defined as before) and the share of long-term securities. All regressions also control for bank size and include bank-fixed effects.
The results show that the within-bank variation in risk is significantly related to the measures of loan risk and investment risk that we have used in our analysis. The coefficients have the expected signs and are statistically significant in the vast majority of specifications. This analysis provides additional evidence that the increase in bank risk documented in this section is related to the changes in the composition of loans and investment portfolios identified in our earlier analysis. The economic effect of these factors is also considerable.
For example, a one percentage point increase in the average interest rate of the loan portfolio is associated with a 21.6% increase in ROA volatility.
In summary, we find that CPP investments are associated with a shift in credit origination toward riskier borrowers and with capital reallocations to risky securities by participating banks. This strategy is associated with an increase in systemic risk and the probability of distress of CPP participants, consistent with the moral hazard hypothesis. This evidence suggests that at least some TARP participants responded to the bailout by increasing their risk taking and that this effect appears to outweigh the disciplining role of government monitoring and the regulatory constraints on incentive compensation of TARP participants.
Concluding Remarks
This paper has investigated the effect of TARP on lending and risk taking of financial institutions. While we do not find a significant effect of the program on the aggregate amount of originated credit, our results suggest a considerable impact of TARP on the risk of originated credit. After receiving federal funds, CPP participants issue riskier loans and increase capital allocations to riskier, higher-yield financial securities. A fraction of new capital inflows is also used to build cash reserves. While the cash reserves reduce leverage and improve capitalization ratios, the net effect is a significant increase in systemic risk and the probability of distress due to the higher risk of bank assets.
Our paper provides several empirical observations relevant for future government aid programs. In particular, a non-discriminatory bailout of a large number of financial institutions creates moral hazard and encourages risk taking. To limit the unintended consequences of federal aid, any capital provisions should establish clear investment guidelines and provide mechanisms for tracking capital deployment by recipient institutions.
Appendix A Variable Definitions
Bank Fundamentals
Capital adequacy = tier-1 risk-based capital ratio, defined as tier-1 capital divided by risk-weighted assets.
Capital adequacy refers to the amount of a bank's capital relative to the risk profile of its assets. Broadly, this criterion evaluates the extent to which a bank can absorb potential losses. Tier-1 capital comprises the more liquid subset of bank's capital, whose largest components include common stock, paid-in-surplus, retained earnings, and noncumulative perpetual preferred stock. To compute the amount of risk-adjusted assets in the denominator of the ratio, all assets are divided into risk classes (defined by bank regulators), and less risky assets are assigned smaller weights, thus contributing less to the denominator of the ratio. The intuition behind this approach is that banks holding riskier assets require a greater amount of capital to remain well capitalized.
Asset quality = the negative of noncurrent loans and leases, scaled by total loans and leases.
Asset quality evaluates the overall condition of a bank's portfolio and is typically evaluated by a fraction of nonperforming assets and assets in default. Noncurrent loans and leases are loans that are past due for at least ninety days or are no longer accruing interest, including nonperforming real-estate mortgages. A higher proportion of nonperforming assets indicates lower asset quality. For ease of interpretation, this ratio is included with a negative sign so that greater values of this proxy reflect higher asset quality.
Management quality = the negative of the number of corrective actions that were taken against bank executives by the corresponding banking regulator (FED, OTS, FDIC, and OCC). Earnings = return on assets (ROA), measured as the ratio of the annualized net income in the trailing quarter to average total assets Liquidity = cash divided by deposits.
Sensitivity to market risk = the sensitivity to interest rate risk, defined as the ratio of the absolute difference (gap) between short-term assets and short-term liabilities to earning assets. Size = the natural logarithm of total assets, defined as all assets owned by the bank holding company, including cash, loans, securities, bank premises, and other assets. This total does not include off-balance-sheet accounts.
CPP Variables
TARP recipient = an indicator equal to 1 if the financial institution received CPP funds. After = an indicator equal to 1 after January 1, 2009.
Risk
Standard deviation of ROA = For each quarter, the standard deviation of ROA is calculated as the quarterly standard deviation over the previous 4 quarters. ROA is net operating income as a percent of average assets.
Standard deviation of earnings = For each quarter, the standard deviation of earnings is calculated as the quarterly standard deviation over the previous 4 quarters. Earnings are net operating income as a percent of average assets.
Capital asset ratio = Average total equity divided by average assets.
Z-score = ROA plus capital asset ratio divided by the standard deviation of ROA. Beta = Betas are computed assuming the market model, with the CRSP value-weighted index used as the market proxy. Betas are calculated for each calendar quarter using daily returns. Local demographic controls include resident characteristics in the local market: median family income, population size, and the percentage of minority population. Housing market controls include regional housing prices and vacancy rates. All variables are defined in Appendix A. Model 4 estimates the regression in a subsample of banks matched on the propensity to receive TARP capital estimated using the following bank characteristics: capital adequacy, asset quality, management quality, earnings, liquidity, sensitivity to market risk, and size. Model 5 estimates the regression in a subsample of banks matched on the propensity to receive TARP capital estimated using the political connectedness of banks, as measured by whether or not their congress representatives are members of the House Financial Services Committee. Model 6 estimates the regression in a subsample of TARP recipients matched to banks that declined to receive TARP capital on capital adequacy, asset quality, management quality, earnings, liquidity, sensitivity to market risk, and size. All regressions include fixed effects for the borrower race, gender, and ethnicity. Intercept, tract, and borrower-related fixed effects are not shown. The t-statistics (in brackets) are based on standard errors that are heteroskedasticity consistent. ***, **, or * indicates that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.
Model
(1) Loan Application Registry and cover the period 2007-2009. Bank level controls include capital adequacy, asset quality, earnings, liquidity, exposure to market risk and size. Local demographics controls include the median family income, population size, and the percentage of minority population. Housing market controls include regional housing prices and vacancy rates. All variables are defined in Appendix A. In both panels, model 4 estimates the regression in a subsample of banks matched on the propensity to receive TARP capital estimated using the following bank characteristics: capital adequacy, asset quality, management quality, earnings, liquidity, sensitivity to market risk, and size. Model 5 estimates the regression in a subsample of banks matched on the propensity to receive TARP capital estimated using the political connectedness of banks, as measured by whether or not their congress representatives are members of the House Financial Services Committee. Model 6 estimates the regression in a subsample of TARP recipients matched to banks that declined to receive TARP capital on capital adequacy, asset quality, management quality, earnings, liquidity, sensitivity to market risk, and size. Intercept and tract fixed effects are not shown. Panel A: Number of applications and ethnicity. Intercept, tract, and borrower-related fixed effects are not shown. The t-statistics (in brackets) are based on standard errors that are heteroskedasticity consistent. ***, **, or * indicates that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.
Loan to income decile Earnings are net operating income as a percent of average assets. For each quarter, the standard deviation of ROA and earnings is calculated as the quarterly standard deviation over the previous 4 quarters. The capital asset ratio is average total equity divided by average assets. Z-score is the natural logarithm of the sum of ROA and capital asset ratio divided by the standard deviation of ROA. To compute betas, we assume the market model, with the CRSP value-weighted index used as the market proxy. Betas are calculated for each calendar quarter using daily returns. All other variables are defined in Appendix A. Intercept and bank fixed effects are not shown. The t-statistics (in brackets) are based on standard errors that are heteroskedasticity consistent. ***, **, or * indicates that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively. 
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